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Abstract The Plangia graminea complex is partly
reviewed and two new species of Plangia are described,
Plangia multimaculata n. sp. from savanna habitats and
Plangia satiscaerulea n. sp. from the submontane zones
in northern Tanzania. Plangia compressa (Walker 1869)
is synonymized with P. graminea (Serville, 1838). Data
on habitat, bioacoustics, and chromosomes are provided.
Both analyzed Plangia species showed the same chromosomal number. Compared to other investigated African Phaneropterinae, Plangia had a reduced chromosome number and thus shows a derived condition in
its genome. The sex chromosomes differed morphologically in both investigated species of Plangia suggesting
different mechanisms leading to these differences. Niche specialization and the male calling song are discussed as drivers
for speciation in fully alate and thus mobile taxa.
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Introduction
Plangia belongs to a group of canopy dwellers restricted to
Africa often occurring syntopically with other fully alate
bushcrickets such as Eurycorypha Stål, the most species-rich
group in African Phaneropterinae, or Arantia Stål, medium to
large-sized species that are often widespread with almost 30
species described at present. Although numerous species have
been described from these taxa, for most species little or nothing is known about distribution, habitat, ecology, biology, and
their phylogenetic relationships. First studies on Eurycorpyha
(Hemp et al. 2013a) showed that groups of obviously closely
related species exist exhibiting morphological differences,
e.g., in the male genitalic system, with increasing geographical distance from each other suggesting that this
phaneropterine genus is under recent radiation while others
such as the monotypic genus Euryastes Ragge are confined
to small areas and are probably relicts of a former wider distribution or remnants of taxa that once were more species-rich
(Hemp et al. 2013b). Latter taxon may be trapped on the
mountain range of the West Usambara Mountains in northern
Tanzania probably due to its low mobility since it is a flightless species and/or has a specialized habitat demand while
taxa such as Eurycorypha or Plangia, being highly mobile
since they are fully alate, are under recent radiation also due
to their ability to adapt to a wide range of habitats. In case of
taxa such as Arantia fasciata (Walker) or Plangia graminea
reported to occur over large parts of tropical Africa also covering southern Africa, the question arose how fully alate
Phaneropterines cope with an obviously wide ecological niche
while others seem to be in recent radiation with numerous
species present and species groups closely morphologically
related to each other. In this study, we focused on the Plangia
graminea complex, an array of probably closely related
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species with only slight morphological differences. In
entomological collections, BPlangia graminea^ specimens were collected from almost all over tropical Africa
and southern Africa. A sound data set on their distribution, the morphology, habitat, acoustics, and chromosomes was obtained for two Plangia species occurring
in eastern Africa and compared to P. graminea originally described from the Cape Province of South Africa to
delimitate them and bring some light to large-scale speciation patterns of fully alate African Phaneropterinae
taxa. Since a sound climatical data set exists for the
area of northern Tanzania, we were also able to determine the exact ecological niche in which these two
species occur.
Plangia is a rather nondescript genus, characterized mainly
by negative features (Ragge 1980). From the similar genera
Eurycorpyha, Oxygonatium, and Monteiroa, it is distinguished by a narrow fastigium broad in the other genera. From
Plangiodes, it is distinguished by the frontogenal carinae and
elongate eyes (Ragge 1980). Recently, Massa (2014) erected
an own genus Pseudoplangia with Plangia laminifera as the
sole species on grounds of a broader fastigium verticis, compressed fore and mid tibiae, and the type of spines on the hind
tibiae which are different in Plangia.
Plangia currently contains 11 species, distributed over the
whole of tropical and southern Africa and Madagascar. Only
P. graminea is recorded from East African localities. Type
species of the genus is P. graminea described from the Cape
Region of South Africa.
Plangia is characterized by a broad fastigium verticis
which is smooth or sulcate and often broader than the first
antennal segment; it is mostly slightly laterally compressed and meets the equally broad fastigium of frons
along a well-developed horizontal line with a deep median sulcus. The antennae are long and very thin but do not
surpass the posterior tips of the tegmina. The eyes are
oval. The pronotum has a smooth, even, and broad disc;
the anterior margin is straight or slightly in-curved while
the posterior margin is broadly rounded. The pronotal
lobes are deeper than long with a broadly rounded ventral
margin. All Plangia species are fully winged with tegmina mostly elongated with broad posterior margin and
acute tipped hind wings surpassing the tegmina. The radial and subcostal veins are continuous for most of their
length. There is little variation in the male genitalic system. The tenth abdominal tergite is unmodified or little
enlarged with normal shaped decussate rather stout cerci.
The subgenital plate also shows little variation, being
longish with small styli. The ovipositor of the females is
well developed, up-curved, and with fine teeth.
In splitting up Amblycoryphae/-ini, Cadena-Castañeda
(2015) placed Plangia and Monteiroa in the species group
Plangiae, based on unspecified morphological similarities.
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Materials and methods
Identification The material was checked against the entomological collections of the Natural History Museum, London,
UK; the entomological collection of the Muséum National
D'histoire Naturelle, Paris, France; the Museo Nacional de
Ciencas Naturales, Madrid, Spain; and the Naturkunde Museum, Vienna, Austria.
P. graminea specimens from the Cape Region of South
Africa were studied and stored in the entomological collections of Vienna and London since the type of this species is
lost and compared to the East African specimens.
Measurements Total body length, lateral aspect, refers to the
midline length of the insect from fastigium verticis to the tip of
the abdomen including the subgenital plate. In females, the
ovipositor is not included in the measurement of the body
length. Measurements of ovipositors were taken laterally from
tip to base not regarding the curvature.
Depositories MfN: Museum für Naturkunde, Zentralinstitut
der Humboldt-Universität zu Berlin. BMNH: British Museum, Natural History, London, UK. ZMUC: Zoological
Museum, Copenhagen, Denmark. NMW: Naturkunde Museum Wien. All other material remains in the collection of
C. Hemp.
Field work and ecological analysis Plangia satiscaerulea n.
sp. specimens were recorded at two locations on Mt. Kilimanjaro, and at one each in the North Pare and the East Usambara
Mountains. Plangia multimaculata n. sp. specimens were collected at nine localities on Mt. Kilimanjaro and at one in the
North Pare Mountains. Ecological data on Kilimanjaro have
been collected since 1996 along 30 transects disposed across
wide ranges in elevation; these data include climatic parameters, i.e., rainfall (mainly using funnel gauges, annual means,
Hemp 2006a, b), temperature (using StowAway Tidbit data
loggers with an accuracy of ±0.4 °C at 20 °C; annual means of
hourly measurements, Hemp 2006a), and vegetation parameters (over 1500 sampling plots=relevés, using the method of
Braun-Blanquet, 1964). The altitudinal range of the transects
extended from 760 m (Rau forest near Moshi) to 5.895 m
(Kibo peak). Climatic data for the East Usambaras were taken
from Hamilton (1989) and Iversen (1991). For estimates of
environmental humidity, mean annual temperatures
(MAT) and mean annual precipitation (MAP) were
scaled to obtain four humidity categories. In a first step,
MAT and MAP were scaled with 1 °C/25 mm to establish a ratio between evaporation as determined by MAT
and water input as determined by MAP (Holdridge
1967; Lauer et al. 1996; Walter and Lieth 1967)
(Fig. 1). The 1:25 ratio roughly corresponds to the transition from semiarid to subhumid conditions in the
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Fig. 1 Habitat selection and
altitudinal distribution of Plangia
species in relation to climatic
parameters. Line a: linear
regression of mean annual
temperature scaled with
1 °C/25 mm precipitation;
line b: linear regression of mean
annual temperature scaled with
1 °C/50 mm precipitation;
line c: linear regression of mean
annual temperature scaled with
1 °C/100 mm precipitation.
Basic climatic data measured
on Mt. Kilimanjaro.
Dots—P. satiscaerulea n. sp.
Triangles—P. multimaculata
n. sp.

climate scheme of Holdridge (1967). As an estimate for
the transition from subhumid to humid and from humid
to perhumid conditions, a scale of 1 °C MAT/50 mm
MAP and 1 °C MAT/100 mm MAP, respectively, was
used, following Holdridge’s (1967) approach of doubling climatic variables between steps. The resulting
four MAT/MAP categories (>1:25, 1:25–1:50, 1:50–
1:100, <1:100) correspond to semiarid, subhumid, humid, and perhumid climate conditions (Table 1).

used processing the photos were EOS Utility and Helicon
Focus.
Length of the file is given as linear distance between ends,
and tooth spacing is given as the mean of ten intervals in the
middle of the file. Data of P. graminea refer to BM 1960-333
(South Africa, Cape province, Somerset West), of
P. multimaculata n. sp. to CH7847 and BM1977-246 male
(Uganda, near Kisoro Busanza), and of P. satiscaerulea n.
sp. to CH7517.

Acoustics Songs were recorded in the laboratory using a digital batdetector (Pettersson D1000X) with sampling rates between 100 and 192 kHz and, additionally, a Sony ECM-121
microphone (frequency response relatively flat up to 30 kHz;
own tests) or an UHER M645 microphone, connected to a
personal computer through an external soundcard (Transit
USB, BM-Audio^; 44.1 or 64 kHz sampling rate). Specimens
recorded: P. satiscaerulea n. sp. CH7517, CH7636;
P. multimaculata n. sp. CH7847; two males, Lake Chala area,
August 2014; female CH7845, N Pare, Lembeni, deciduous
dry forest, reared from nymph caught in June 2014 and
CH7846, Mt. Kilimanjaro southern slopes, Miwaleni springs,
reared from nymph caught in June 2014.
Song measurements and sonograms were obtained using
AMADEUS II and AMADEUS Pro (Martin Hairer;
http://www.hairersoft.com). Oscillograms of the songs were
prepared using TURBOLAB (Bressner Technology,
Germany). All recordings were made at temperatures
between 20 and 26 °C. The singers were caged in plastic
tubes or gauze cages with microphone fixed or handheld at
distances between 5 and 60 cm.
The stridulatory files were photographed using a Canon
EOS 550D fixed on a Leica microscope MZ 125. Programs

Terminology Syllable: sound produced during one cycle of
movements (opening and closing of the tegmina, resulting in
opening and closing hemisyllable); syllable duration: time period measured from the first impulse to the last; echeme: first
order assemblage of syllables; impulse: a simple, undivided,
transient train of sound waves (here, the damped sound impulse arising as the impact of one tooth of the stridulatory file).
Chromosomes P. satiscaerulea n. sp. (two males CH7517,
CH7636) and P. multimaculata n. sp. (two males CH7700,
CH7847 and one female CH7845) were used for cytotaxonomic analyses. Testes and ovaries were incubated in hypotonic solution (0.9 %), fixed in defied Carnoy’s solution—
ethanol/acetic acid (3:1), and squashed in 45 % acetic acid.
Cover slips were removed using the dry ice procedure and the
preparations were air dried. Constitutive heterochromatin was
revealed by the C-banding technique as described by Sumner
(1972). In order to identify GC-rich and AT-rich regions, the
preparations were stained with CMA3 (chromomycin A3) and
DAPI (4,6-dimidino-2-phenylindole), respectively
(Schweizer 1976). The silver staining method (with AgNO3)
for nucleolar organizer regions (NORs) location was performed according to the protocol by Warchałowska-Śliwa
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Locality

Elevation

MAP

MT

MAT

(°C)

(°C)

Vegetation

Elevational zone

(m a.s.l.)

(mm)

S Kilimanjaro, Kidia

Agroforestry

Submontane

1430

1846

9.4

18.3

S Kilimanjaro, Msaranga
N Pare, Kiverenge Hill

Forest
Forest

Submontane
Submontane

1420
1400

1924
977

9.4
12.4

18.3
19.3

E Usambara, Amani
Maximum

Forest

Submontane

1000
1430

1900
1924

16.3
16.3

18.4
19.3

1000
430

977
947

9.4
6.9

18.3
1.0

1020
1303

700
1141

14.0
10.1

21.0
19.0

P. satiscaerulea n. sp.

Minimum
Range
P. multimaculata n. sp.
N Pare Lembeni
E Kilimanjaro, grassland Holili

Savanna woodland
Savanna grassland

Colline
Submontane

E Kilimanjaro, Chala

Savanna woodland

Colline

951

688

12.2

20.0

E Kilimanjaro, Chala
E Kilimanjaro, Kimanga Hill

Savanna woodland
Savanna woodland

Colline
Colline

984
1153

702
797

11.9
11.0

20.8
21.0

S Kilimanjaro, Miwaleni springs

Savanna woodland

Colline

720

699

14.0

22.8

S Kilimanjaro, Uchira
S Kilimanjaro, Mabungu Hill
S Kilimanjaro, Uchira
W Kilimanjaro, Sanja juu

Savanna woodland
Savanna woodland
Savanna woodland
Savanna woodland

Colline
Colline
Colline
Colline

866
906
871
1126

826
903
1004
1067

12.8
12.5
12.8
11.0

21.6
21.3
21.5
20.0

1303
720
583

1141
688
453

14.0
10.1
3.9

22.8
19.0
3.8

Maximum
Minimum
Range

and Maryańska-Nadachowska (1992). Fluorescence in situ
hybridization (FISH) with 18S ribosomal DNA (18S rDNA)
and telomeric DNA (TTAGG)n probes were performed exactly
as described in Warchałowska-Śliwa et al. (2009). Preparations
were counterstained with DAPI and mounted in an anti-fade
medium with DABCO. Images for FISH were captured using a
Nikon Eclipse 400 fitted with a CCD DS-U1 camera, a set of
standard filters, and an NIS-Elements BR 3.0 image-analyzing
system (Nikon Eclipse 400). At least 15 divisions (from diplotene to metaphase I) per male and at least five spermatogonial
(for the same specimens) and/or oogonial metaphases were
analyzed using four techniques: classical cytogenetic
(C-banding and DAPI/CMA3, AgNO3 staining) and molecular
methods (FISH).

similar species. Since ecological studies were undertaken in
East Africa and data obtained for some populations identified
as P. graminea, it became obvious that several species are
present. Morphological delimitation is difficult, but by studying song and comparing habitats, at least the East African
species can be clearly separated. Since ecological data and
information on habitat are lacking for most areas, below a
table is compiled listing morphological differences found for
two species occurring in northern Tanzania, here being newly
described as P. multimaculata n. sp. and P. satiscaerulea n. sp.
(Fig. 3) and for specimens identified in the collection of the

Results
Biogeography and morphology
At present, P. graminea (Fig. 2) is regarded being distributed
over large areas of Africa south of the Sahara. However, as
already suggested by Hemp (2013), material identified commonly as P. graminea is a complex of morphological very

Fig. 2 Plangia graminea, Port Elisabeth, South Africa (NMW)

East African Plangia species

Fig. 3 Male Plangia satiscaerulea n. sp., plantation belt 1430 m, Kidia,
Mt. Kilimanjaro, Tanzania

Natural History Museum of London, UK as P. graminea originating from the Cape Province of South Africa. These specimens were chosen since the original species description was
made from a specimen from South Africa, now being lost.
Specimens identified as P. graminea originating from other
countries north of South Africa and West Africa were not considered in this study. The distribution pattern of P. graminea
therefore remains obscure and more studies, considering especially habitat and song, have to show whether more species are
present which is likely for Central and West African specimens.
The morphological characters given in Table 2 can be used as a
tool to identify the species. But since certain characters such as
spination and the color pattern differ in dependence from where
specimens geographically are coming from, the characters given in Table 2 should be used in combination.
Types of P. graminea and related taxa
The Natural History Museum London holds the holotype of
Plangia compressa (Walker, 1869). Unfortunately, most of the
body is missing including the genitalia. The thorax is badly
damaged as well and only the two hind legs, the tegmina and
wings, the pronotum, and the head remained. Comparing the
spination of the hind legs, the shape and measurements of the
tegmina, the shape of the pronotum and the head including the
fastigium verticis, and comparing the characters with specimens originating from the Cape Province of South Africa
(including specimens from the Naturkunde Museum Vienna
holding specimens from the series of Walker on which
P. graminea was described), no differences at all could be
observed. Therefore, we here synonymize P. compressa with
P. graminea. The designation of a neotype for P. graminea is
difficult since following the rules the type of Plangia
natalensis, synonymized with P. graminea, should be the
new neotype. However, also the whereabouts of this type is
unclear. Walker described P. natalensis 1869 on a specimen
coming from the collection of the German W. Gueinzius, and
the type thus remained in this collection. Eventually, parts of
the collection were given to the Stettin collection, but most
material was handed to various other collections (Horn &
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Kahle 1935–37). The collection of the Natural History Museum London holds numerous specimens of Plangia collected
all over southern Africa. The habitus and morphological characters are all very homogenous for specimens originating from
the Cape Province of South Africa, suggesting that only one
Plangia species is present in this area. An exception is seen
from specimens being collected in the Drakensberg area of
KwaZulu Natal, South Africa. Those probably belong to another species of Plangia. Therefore, it cannot be excluded that
P. natalensis is a good species and since the type of
P. graminea is lost and the type of P. natalensis is missing,
no decision can be made on the status of the South African
species of Plangia. Regarding aforementioned difficulties of
defining P. graminea, we decided to compare East African
specimens with specimens originating from the type locality
of P. graminea and thus delimitating the species on base of
those specimens. A neotype for P. graminea will be designated from the series of Walker stored in the Vienna collection.
Ecology
P. satiscaerulea n. sp. and P. multimaculata n. sp. occupied
different ecological niches in northern Tanzania.
P. satiscaerulea occurred along a gradient between 1000 and
1430 m. Mean annual temperature and mean annual minimum
temperature decreased from 20.6 to 18.3 °C and 16.3 to
9.4 °C, and rainfall increased from 977 mm in the North Pares
to 1850–1900 mm in the East Usambaras and Mt. Kilimanjaro
(Table 1).
P. multimaculata n. sp. was found along an elevation gradient between 700 and 1300 m on Mt. Kilimanjaro and on one
location (1020 m) in the North Pare Mountains. Mean annual
temperature and mean annual minimum temperature decreased from 22.8 to 19.0 °C and 14.0 to 10.1 °C, and rainfall
increased from about 688 to 1141 mm.
P. multimaculata n. sp. is a savanna species preferring subhumid conditions (Fig. 1) and finds its upper border of occurrence in anthropogenic opened habitats on Mt. Kilimanjaro in
the submontane zone at the eastern slopes where subhumid
climatic conditions change to humid conditions. In this area,
the former forest cover has been removed and open grasslands
with scattered (savanna) trees dominate where P. multimaculata
n. sp. was collected. In homegarden areas (coffee-banana
plantations) at same elevations with a denser vegetation cover,
P. multimaculata n. sp. was not found. In the North Pare Mountains, P. multimaculata n. sp. occurred in deciduous dry forest at
the southern foothills at 1020 m. P. satiscaerulea n. sp. is a
canopy dweller preferring dense vegetation (banana-coffee
plantations with a certain cover of shade trees and natural
forest) from coastal habitats to submontane elevations. Males
are only occasionally attracted to light at night and this species
therefore rarely collected. Only one female specimen from
Amani was seen in the Copenhagen collection; no specimens

P. graminea Cape Province
Green, stridulatory area with dark patch
in males
Laterally with shallow groove; fastigium
of vertex almost smooth, very shallow
line present
Broadly in-curved
Almost round, ventrally slightly flattened
Unarmed or few spines
Tegmina comparatively broad, approximately
3 times as long as wide
67 teeth
Less than 2 times as long as basal width
Greenish or brown with acute tip
10th tergite not incised medially, slightly
impressed with central groove; margin
almost on one level

Color pattern

Fastigium verticis

Anterior margin of pronotum

Femur of fore leg

Spination of dorsal margin of fore femur

Tegmina length/width

Stridulatory file
Subgenital plate (when measured at base)

Male cerci

Female abdominal apex

Morphological characters separating three species of Plangia

Species/characters

Table 2

10th tergite medially not incised but a section
triangularly shaped strongly down-curved

Red to red brown, comparatively stout and with
thick base but acute dark tips

68–74 teeth
Less than 2 times as long as basal width

Tegmina about 3.4 times as long as wide

Few stout shiny black spines

Anterior part with deep furrow

Almost straight, slightly rounded inwardly

Green-yellowish with numerous brown to black
patches on tegmina, legs, and body; stridulatory
area dark
Laterally with groove, v-shaped sulcate, tip of furrow
ending in sulcus where fastigium of vertex is meeting
equally broad fastigium of face

P. multimaculata n. sp.

10th tergite with round median groove and
ridges laterally, this part almost horizontally
curved downwards

Comparatively slender brown with black
posterior part, blunt tips

116 teeth
More than 5 times as long as basal width

Tegmina comparatively slender for Plangia,
tegmina more than 3.5 times as long as
wide

Few spines

Dorsal margin laminate, ventral side with
furrow

Laterally smooth; sulcus of fastigium of
vertex an even line, ending before sulcus
where fastigium of vertex is meeting
fastigium of face
Almost straight, slightly rounded inwardly

Dark green; most male specimens with
single black spot on stridulatory area

P. satiscaerulea n. sp.
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were found in the large collections of the Natural History Museum London or in the Naturkunde Museum Berlin. In the area
of Old Moshi at the southern slopes of Mt. Kilimanjaro,
P. satiscaerulea n. sp. males can be identified by their song
produced in the evening hours from high trees. While most
P. multimaculata n. sp. specimens were mainly collected from
June to August, P. satiscaerulea n. sp. could be registered and
collected from December to February.
Ecological data for the forest reserves of the East Usambara
Mountains were taken from Hamilton (1989) and Iversen (1991)
and integrated in the calculation of the ecological niche of
P. satiscaerulea n. sp. Although temperature differences depending on the elevation and mass of the single mountains and
mountain ranges are possible, all forest areas in which this species occurred were at humid and perhumid conditions (Fig. 1).
The population on Kiverenge Hill in the North Pare Mountains
is at the lower border from subhumid to humid conditions.
Analogous climatic parameters were calculated for the population of P. multimaculata n. sp. in the North Pare Mountains.
Most populations were found at subhumid conditions; only
few localities were humid (submontane zone eastern slopes,
Mt. Kilimanjaro, at anthropogenic opened habitats, Fig. 1).
Cytotaxonomy
Both analyzed species P. satiscaerulea n. sp. and
P. multimaculata n. sp. showed the same chromosomal number 2n=29 (male), 2n=30 (female) and the X0 (male), XX
(female) sex chromosome system, but differed in terms of
the morphology of the sex chromosomes. The karyotypes
were composed of a series of acrocentric chromosomes gradually decreasing in size and classified into two size groups:
five long or medium and nine small autosome pairs. In both
spe-cies, the largest elements in the karyotype was the sex
chro-mosome, an acrocentric in P. satiscaerulea n. sp.
(Fig. 4a, b) and a submetacentric in P. multimaculata n. sp.
(Fig. 4e, d). After both C-staining and DAPI/CMA3 double
staining, chromosome regions showed some quantitative and
qualitative variation between both species in terms of the
constitutive heterochromatin. In the autosomes of
P. satiscaerulea n. sp., heterochromatin in the form of thick
C-bands (occupying the region next to the centromere) in the
paracentromeric region were visualized with thin bright homogenous DAPI-positive (DAPI+, AT-rich) and bright
CMA3-positive (CMA3+, GC-rich) signals located close
to each other, whereas a thick C-positive, DAPI−, thick
GC-rich block was found on the X chromosome. In contrast, in P. multimaculata n. sp., heterochromatin formed
thick C-positive paracentromeric bands on most of the
chromosomes and thin telomeric ones in some autosomes
which were DAPI− and CMA3+ (Fig. 4f). Additionally,
both species revealed an interstitial thin C-band, with a
DAPI+ and CMA3+ block on the medium sized pair
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(fourth or fifth) (Fig. 4e, f). In both species, one rDNA
cluster per haploid genome, located distally on the longer
pair, was detected. A large cluster of 18S rDNA was
observed at this bivalent from diakinesis to metaphase I
or mitotic metaphase (Fig. 4h, j), coincident with a single
active NOR visualized by Ag-NOR staining (Fig. 4g, i),
a thin C-band and the DAPI−/CMA 3 +, containing a
weak GC-rich band (Fig. 4e, f). The signals produced
by FISH with the (TTAGG)n probe were detected at the
distal ends of most autosomes and the X chromosome
(Fig. 4h, j).
P. satiscaerulea n. sp. Hemp C.
Holotype male Tanzania Mt. Kilimanjaro, southern slopes,
Kidia 1430 m, March 2013 (sound record CH7517); depository MfN. Paratype female. Same data as holotype but
May 2012, depository MfN.
Paratype male, Tanzania, North Pare Mountains,
Kiverenge Hill 1400 m, January 2005; depository BMNH.
Paratype female, same data as holotype; depository BMNH.
Further paratype specimens: all Tanzania; two males, one
female, same data as holotype but April 2001, May 2011, and
February 2012; one male, Mt. Kilimanjaro, southern slopes,
plantation belt, 1400 m, at light at night, January 2015; one
male nymph, Pangani, coastal bush, 5 m, September 2011;
one male, Kisarawe, Kazimzumbwi forest reserve, 200 m,
February 2015 (collection C. Hemp); one female, Tanzania,
East Usambara Mountains, Amani 1000 m 1/2.1977, depository ZMUC.
Description Color dark green with black spot on stridulatory area. Eyes striped (Fig. 3). Head and antennae. Antennae filiform, of whitish to tawny color, shorter than
flexed tegmina (about 34–35 mm long; N=2). Face with
white areas, eyes oval. Fastigium verticis sulcate (Figs. 5c
and 6a), laterally slightly compressed, broader than width
of scapus. Fastigium of vertex and fastigium of face meeting in deep sulcus (Fig. 5c). Thorax. Pronotal disc flat
(Fig. 3). Lateral pronotal lobes deeper than wide, ventral
margin evenly rounded, anterior margin straight. Fore coxa
with spine. Fore femora laterally compressed (Fig. 7c, d),
outer margin laminate with three to five spinules, apical
part with ventral furrow; inner margin unarmed. Fore tibiae purplish to reddish tinged in area of the open oval
tympana (Figs. 3 and 7d); ventrally with double row of
few spinules. Mid femora laterally compressed, with ventral furrow, unarmed. Mid tibiae shorter than mid femora.
Hind femora laterally compressed, unarmed, slightly longer
than hind tibiae. Hind tibiae with four rows of dense
spinules. Wings. Sc and R contiguous, except near base.
Tegmina elongate with oval tip. Hind wings hyaline, longer than tegmina, visible part when folded of same color
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Fig. 4 Male chromosomes of P. satiscaerulea n. sp. (a, b, e, g, h) and
P. multimaculata n. sp. (c, d, f, i, j); spermatogonial metaphase (a) and
metaphase II (b) subjected to C-banding show acrocentric sex
chromosome; spermatogonial metaphase (c) with C-bands and silver
staining metaphase II (d) present submetacentric X; fluorochrome
stained heterochromatin in diakinesis with C-bands shown in the left
panel (e, f), DAPI bands (blue) in the second panel, CMA3 bands
(green) in the third panel, and DAPI/CMA3 bands in the right panel,
respectively; diakinesis (g) and spermatogonial metaphase silver
staining (i); FISH with both 18S rDNA (green) and telomeric DNA
(red) probes in metaphase I (h) as well as spermatogonial metaphase

(j). Arrows indicate near distally located thin C-bands (e, f), DAPI−
(second panel), CMA3+ (third panel), DAPI/CMA3, and NOR (g, i)
coincide with cluster of 18S rDNA on the first pair of autosome
(marked by 1). Fluorochrome staining demonstrated DAPI+ and
CMA3+ in paracentromeric region in P. satiscaerulea n. sp. (e) whereas
this region in P. multimaculata n. sp. show DAPI− and CMA3 in most
chromosomes (f); the insert in the top left corner shows a large
chromosome on mitotic metaphase with C−, DAPI−/CMA 3 +
heterochromatin. Arrowheads show interstitially located C-band,
DAPI+, and CMA3+ in medium-sized bivalent in both species (b, e, f).
X sex chromosome

as tegmina. Stridulatory file (length 2.6 mm; Fig. 8d) on
the lower side of left tegmen with 116 teeth and an intertooth interval of 27.5 μm (N=1). Abdomen. Plump abdomen, green. Tenth tergite unmodified, posterior margin
with two broadly rounded lateral edges and slightly

depressed central part (Fig. 9c). Cerci stout, inwardly
curved. Apical part shiny black, remaining part in most
specimens green (but see Fig. 9c). Subgenital plate broadly triangular, with posterior margin u-shaped incised, with
tiny styli (Fig. 10b).
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Fig. 5 Plangia species, detail
images of face. a P. graminea,
Cape Province, South Africa
(NMW Vienna). b P. graminea
(labeled as P. compressa),
Cape Province, South Africa
(BM 1980-333, BMNH)
c P. satiscaerulea n. sp.
(Plantation belt, Kidia, southern
slopes Mt. Kilimanjaro,
Tanzania). d P. multimaculata
n. sp. (tree savanna, southern
slopes, Mt. Kilimanjaro)

Female Similar to male in general shape and color pattern but without black spot on tegmen. Ovipositor well
developed, up-curved with strongly serrated valves
(Fig. 11c). Subgenital plate tri-angular (Fig. 11d).

Measurements
Total length of body
Median length of pronotum

Females (N=3)
22.2–24.5
5.9–6.5

Measurements

Length of hind femur
Length of tegmina (lateral)
Length of ovipositor

16.4–17.2
34.5–35.3
6.5–7.2

Total length of body
Median length of pronotum
Length of hind femur
Length of tegmina (lateral)

Fig. 6 Dorsolateral view on
fastigium verticis of male.
a P. satiscaerulea n. sp. and
b P. multimaculata n. sp.

Males (N=4)
21.1–23.3
6.0–6.4
15.8–16.7
35.5–37.4

Diagnosis P. satiscaerulea n. sp. is of predominantly deep
green color with a leathery appearance of the shiny tegmina.
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Fig. 7 Fore legs of Plangia
species. a Outer side of fore legs
of P. graminea (labeled as
P. compressa, Cape Province,
South Africa, NMW Vienna).
b Ventral side of fore legs of
P. multimaculata n. sp.
c Outer and ventral (d) side of fore
leg of P. satiscaerulea n. sp.

Most males have a deep black round spot on the stridulatory
area of the tegmen. Most other Plangia species are of a lighter
green color; P. multimaculata n. sp. has a vivid pattern of light
to yellow green with numerous maculae and spots on tegmina
and body. Except for records of P. graminea (records of
P. multimaculata n. sp. see below), no other Plangia species
is known from eastern Africa so far. The fore femora are
strongly laterally compressed and laminate at the anterior margin with few spinules and ventral with a deep furrow in
P. satiscaerulea n. sp. In P. graminea, the fore femora are almost
round without a ventral furrow and neither P. graminea nor
P. multimaculata n. sp. have a laminate anterior margin.

P. satiscaerulea n. sp. differs also from the other two species in
the high number of stridulatory teeth (116 vs. 67–74) and song.
Etymology From Latin satis=very and caeruleus=green
because of the deep green color.
Song The male calling song was heard in the late afternoon
and early evening. It consisted of crescending (at the beginning) sequences of two to four di-syllablic echemes. The intervals between the echemes were in the range of about 5 s
(Fig. 12a). The syllables (duration 60–70 ms; Fig. 13e) were
repeated at a rate of 8 Hz (at 20 °C). They represent probably
closing hemisyllables and are formed by crescending series of
distinct impulses (ca. 20–30; Fig. 13e). The carrier frequencies
were found to be completely in the audio range (below
20 kHz) with a maximum at about 9 kHz (Fig. 14).
Remarks P. satiscaerulea n. sp. was listed as P. graminea in
Hemp (2013).
Habitat A female specimen seen in the collection of Copenhagen was collected at 1000 m Amani, East Usambara Mountains and thus in submontane wet forest. On Mt. Kilimanjaro,
specimens were caught at night from banana-coffee plantations at submontane elevations (1300–1500 m). A male
nymph and a male were caught in coastal bush near Pangani
and dense evergreen forest in the Kazimzumbwi forest reserve, Kisarawe near Dar es Salaam.
Distribution northern Tanzania.
P. multimaculata n. sp. Hemp C.

Fig. 8 Male stridulatory files of Plangia species. a P. graminea (Cape
Province, Somerset West, South Africa, BM 1960-333, BMNH),
b P. multimaculata n. sp. (Uganda, near Kisoro Busanza, BM1977-246,
BMNH), c. P. multimaculata n. sp., d P. satiscaerulea n. sp. Scale 1 mm

Holotype male Tanzania Mt. Kilimanjaro, eastern slopes,
Holili Hill 1300 m, June 2013; depository MfN. Paratype
female, Tanzania, Mt. Kilimanjaro, southern slopes, Uchira,
860 m, July 2013; depository MfN.
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Fig. 9 Abdominal apices of male
Plangia species. a Rear view,
P. graminea (Cape Province,
South Africa, NMW).
b Dorsolateral view, P. graminea
(labeled P. compressa, Cape
Province, South Africa, NMW).
c Lateral view, P. satiscaerulea n.
sp. d Dorsolateral view,
P. multimaculata n. sp.

Further paratype specimens: all Tanzania, one male, one female, eastern slopes, Mt. Kilimanjaro, Holili Hill 1300 m,
July 2013 and January 2014; eight males, one female, Mt.
Kilimanjaro, southern slopes, Kimanga Hill 1130 m, September 2013, June 2014, August 2014, October 2014, January
2015; one male, one female, Mt. Kilimanjaro, southern slopes,
Uchira 860 m, July 2013 and August 2013; one female, Mt.
Kilimanjaro, western slopes, Sanja juu, August 2013; two
males, two females, Mt. Kilimanjaro, eastern slopes, Lake
Chala, August 2014; one male (sound record CH7846), Mt.
Kilimanjaro, southern slopes, Miwaleni Springs, June 2014;
one male (sound record CH7845), one female (sound record
CH7847), North Pare Mountains, Lembeni, deciduous dry
forest, June 2014; one female, ca. 50 km north of Dodoma
at road A 104, East Chenene forest reserve, Miombo woodland, 1280 m, March 2015 Collection C. Hemp.
Fig. 10 Subgenital plates of male
Plangia species. a P. graminea
(labeled P. compressa, Cape
Province, South Africa, NMW).
b P. satiscaerulea n. sp.
c P. multimaculata n. sp.

Description Color yellow (Fig. 15) with tinge of green or
more greenish (Fig. 16) with few or more numerous light
to dark brown maculae and spots on head, pronotum, and
tegmina. In living insect, abdomen with stripes of purple
to red and light blue. Dark brown patch on stridulatory
area of tegmina. Tenth tergite and cerci red (Fig. 9). Head
and antennae. Antennae filiform, of tawny color, shorter
than flexed tegmina (about 33–34 mm long; N=2). Face
white; eyes oval, striped. Fastigium verticis shallowly sulcate, slightly broader than width of scapus (Fig. 6b).
Fastigium of vertex and fastigium of face meeting in deep
sulcus (Fig. 5d). Thorax. Pronotal disc flat with dark
patches near the anterior margin, often with dark to reddish fascia at lateral margins. Lateral pronotal lobes deeper
than wide, ventral margin evenly rounded (Fig. 17). Fore
coxa with spine. Fore femora at outer margin ventrally
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Fig. 11 Ovipositors and subgenital plates of Plangia species. a, b P. graminea (Cape Province South Africa, BM 1952-232 BMNH).
c, d P. satiscaerulea n. sp. e, f. P. multimaculata n. sp.

with three dark spines, inner side unarmed, also unarmed
on dorsal side (Fig. 7b). Fore femur slightly laterally
compressed, of dark to dark purple-reddish color; short
(Fig. 17). Fore tibiae in area of tympanum of same patchy
violet to reddish color. Ventrally with double row of each
two spines, at posterior area two spurs ventrally and two
spurs dorsally of the same shape as ventral spines. Tympana oval and open on both sides. Mid femora with one to
two outer black spines, inner side unarmed. Ventral outer
sides of hind femora with four to five tiny black spinules.
Hind tibiae with four rows of numerous black spines,
getting denser apically. Wings. Sc and R contiguous, except near base. Tegmina elongate with oval tip. Hind

Fig. 12 Oscillograms of the
calling song of Plangia species.
Overview. a Plangia
satiscaerulea n. sp., sequence of
di-syllabic echemes. b–d. Plangia
multimaculata n. sp.
b Tri-syllabic echeme followed
by group of syllables.
c Slow series of tri-syllabic
echemes. d Fast series
of tri-syllabic echemes

wings hyaline, longer than tegmina, visible part when
folded of same yellow-greenish color as tegmina, pointed
(Fig. 15). Stridulatory file (length 2.8 mm; Fig. 8c) on the
lower side of left tegmen with 68 teeth and an inter-tooth
interval of 40 μm (N=1). Abdomen. Plump abdomen with
blunt dorsal keel and striped pattern of transverse red and
greenish broad fascia and milky white ventral side
(Fig. 17). This pattern fading to yellowish-tawny in preserved insect. Tenth tergite unmodified with almost
straight posterior margin, cuticle smooth and shiny. Cerci
short and stout, inwardly curved (Fig. 9d). Subgenital
plate yellowish-green, broadly triangular, with posterior
margin u-shaped incised, with tiny styli (Fig. 10c).
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Fig. 13 Oscillograms of the
calling song of Plangia species.
Details. a–d. Plangia
multimaculata n. sp. a Group of
syllables. b Female response to
second syllable of male group of
syllables (microphone near
female). c Tri-syllabic echeme
followed by isolated impulses.
d Tri-syllabic echeme.
e P. satiscaerulea n. sp.,
di-syllabic echeme

Measurements
Total length of body
Median length of pronotum

Males (N=6)
20.1–23.7
5.8–6.1

Length of hind femur
Length of tegmina (lateral)

16.0–17.8
37.1–39.5

Measurements
Total length of body
Median length of pronotum
Length of hind femur
Length of tegmina (lateral)
Length of ovipositor

Females (N=4)
21.7–24.2
5.8–6.1
16.3–18.4
36.0–39.9
6.1–6.7

Diagnosis P. multimaculata n. sp. is characterized by a combination of characters. A useful character is the color pattern
of predominantly yellow with dark patches and spots and the
pointed hind wings (Fig. 15). P. graminea from the Cape
Province of South Africa is probably predominantly green in
life without any maculae and spots (Fig. 2). In P. graminea,
the fore femora are almost round (Fig. 7a), mostly without any
furrow or spines ventrally while in P. multimaculata n. sp. the
fore femora are strongly furrowed especially in the anterior
part and the outer sides are armed with few stout black spines
(Fig. 7b). The femora are also laterally compressed. Differentiated from P. satiscaerulea n. sp. by the completely different
color pattern. P. satiscaerulea n. sp. is of uniform dark green
color with a shiny, almost leathery appearing surface and
males have a well-defined round black spot on the stridulatory
area of the tegmina (Fig. 3). Also, both species occupy different ecological niches. P. multimaculata n. sp. is a savanna

Fig. 14 Power spectra of the calling song of Plangia species (female examined only up to 22 kHz)
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Fig. 15 Male P. multimaculata n. sp. among leaves of Combretum
zeyheri, a savanna tree preferred by this species. Specimens are
perfectly camouflaged while sitting in C. zeyheri trees. Caged
specimens preferred this tree even when leaves were completely dried
up and not suitable as food anymore and a rich choice of other savanna
bushes and trees was available. Specimens collected from this savanna
tree species were all yellowish with numerous brown to dark patches on
tegmina and body

species while P. satiscaerulea n. sp. prefers submontane elevations collected in forest and banana-coffee plantations. Also, the song differs between both species (see Figs. 12 and 13).
Etymology From Latin multi=many and maculata=spots because of the many small spots and patches on the tegmina,
legs, and body.
Nymph Only the two last instars seen; similar to adult
(Fig. 18).
Song The male calling song was heard from early evening throughout the night. It consisted of series containing two different elements, tri-syllabic echemes and of
loose groups of single syllables. Both elements were
repeated several to many times until a switch to the
other element occurred (Fig. 12b). In the evening, the
song started typically with groups of syllables, each
group separated from the next by an interval of several
seconds. Within the group, the intervals between the

Fig. 16 P. multimaculata n. sp. female caught in January 2015 at the
eastern slopes of Mt. Kilimanjaro from the tree Combretum mossabicense
with uniformly green leaves
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Fig. 17 Male P. multimaculata n. sp. Note color and shape of fore femora
and tibiae around tympanum

syllables were quite variable (about 100–200 ms;
Fig. 13a). Within the tri-syllabic echemes, the syllables
were repeated at a rate of about 25–30 Hz (20–25 °C).
Here, the duration of the syllables and the number of
impulses composed of was relatively variable (see
Fig. 13d). At night, these tri-syllabic echemes were
heard quite often, but the intervals between ranged from
about 10 s (Fig. 12c) to much longer times. Only rarely
(always (?) connected to the presence of an occasionally
responding female) a male was observed to produce
relatively fast series of these echemes (Fig. 12d), and
he added sporadically short extra impulses/impulse
groups (Fig. 13c). All syllables represent probably closing hemisyllables and are formed by distinct impulses
or possibly fused impulses (Fig. 13d), always distinctly
fewer than in the syllables of P. satiscaerulea n. sp.
Two females ready to mate were observed to respond
acoustically to the male song. They did not answer regularly,
but mainly to the first group of syllables after a long series of
echemes. Here, they responded to the second (and/or rarely to
the third syllable) with a delay of 60 ms after the beginning of
the male syllable with one impulse (Fig. 13b).
Spectral composition The carrier frequencies of male and
female song were found to be completely in the audio

Fig. 18 Female nymph, last instar, of P. multimaculata n. sp. caught in a
deciduous dry forest near Lembeni, foothills southern side of the North
Pare Mountains, and reared to adult
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range (below 20 kHz) with a maximum at about 7–9 kHz
(Fig. 14).
Biology Most adults present from June to October nymphs
developing with the onset of the long rains. Sometimes a second generation during the short rains from October/November
onwards with adults in December/January.
Remarks The collection of the Natural History Museum
London, UK holds numerous specimens of P. multimaculata
n. sp. A certain variation is observed between specimens coming from Uganda (being more green, pattern of brown maculae not very pronounced) and the most southern occurring
specimens (pattern of brown dots rather than patches). Specimens very similar to those coming from the type locality
around Kilimanjaro are found in southern Kenya (Rabai,
Kitui) and southern Tanzania (Tendaguru, Old Shinyanga)
(Fig. 19).
Mating behavior On 31 July 2014, a male (body mass
880 mg) copulated with a female (body mass 902 mg). He
transferred a spermatophore of 146 mg, thus about 17 % of its
body mass, a similar percentage as observed in, e.g.,
Phaneroptera falcata (Vahed et al. 2011).
Habitat Savanna woodland on the eastern and western
slopes of Mt Kilimanjaro; deciduous dry forest on the
southern foothills of the North Pare Mountains and
Miombo woodland in central Tanzania in the East
Chenene forest reserve.
Distribution Sudan, Uganda, Kenya, Tanzania, Malawi,
Mozambique, Zambia, E Angola (specimens BMNH).

Fig. 19 Distribution of
P. satiscaerulea n. sp. and
P. multimaculata n. sp., not
considering museum specimens
of P. multimaculata n. sp.
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Discussion
Multiple ecological niches in an area as drivers
for speciation?
Our study on the ecology of the two investigated species together with the bioacoustics provided distinct proof that two
good species are present in the area. The two Plangia species
occurring in northern Tanzania showed clear differences in
their habitat demands. While P. satiscaerulea n. sp. prefers
dense vegetation from coastal to submontane elevations,
P. multimaculata n. sp. is a typical savanna species found in
savanna woodland and deciduous dry forest communities.
Regarding drivers of large-scale speciation in very mobile
taxa as is the case for Plangia, the number of potential habitats
could be regarded as one mechanism boosting speciation beside geographical isolation. As suggested for species of the
conocephaline genus Fulvoscirtes of northern Tanzania, geographical isolated closely related species showed no differentiation in their male calling songs while molecular sister taxa
occurring in adjacent areas rapidly evolved different songs
(Hemp et al. 2012). First data suggest a similar pattern for
P. graminea from southern Africa and P. multimaculata n.
sp. from eastern Africa, although the data set must be regarded
as preliminary since different recording methods were used
and few specimens investigated. Mentioned two taxa seem
to have a very similar male calling song (see below, further
discussed at Bsong^) while in P. satiscaerulea n. sp. the male
calling song was considerably different from P. multimaculata
n. sp. Whether this differentiation was driven by a potential
co-occurrence in certain areas in eastern Africa where both
species could occur almost syntopically cannot be excluded.
Even in our data set, the elevational range of P. satiscaerulea
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n. sp. and P. multimaculata n. sp. overlaps (see Table 1 and
Fig. 1). Situations where evergreen forest, e.g., along rivers
borders savanna woodland are well possible, both species occurring in Bear-reach^ of each other. Similar songs would then
be an evolutionary disadvantage and thus different singing
males favored in the course of time.
Morphological delimitation of Plangia species
Beside their ecological niche and song differences delimiting
investigated Plangia species, differences were also found in
the color pattern and morphologically. P. satiscaerulea n. sp.
is uniformly dark green while P. multimaculata n. sp. is of
light green to yellowish color with dark spots and patches on
tegmina and body. Differences are seen also in the spination
and shape especially of the fore legs—the latter one of the few
characters differentiating P. multimaculata n. sp. from
P. graminea. However, delimitation from P. graminea, to
which specimens now newly described in this paper were
usually placed in various entomological collections, is difficult. P. graminea specimens in the collection of the Natural
History Museum London holding several dozens of specimens from all over southern Africa show a certain variation
in terms of shape and spination of the fore legs.
P. multimaculata n. sp., on the other hand, is heavily maculate
in its east African range, but specimens coming further south
and from Uganda showed a more uniform green color with
few or almost no maculate pattern as judged from preserved
material.
In the Kilimanjaro area, specimens collected in June/July
2013 were mostly of more yellowish color while specimens
caught in December/January 2013/14 had a predominantly
light green color, indicating that the body color is determined
by the surrounding vegetation and may also depend on which
tree species nymphs grow up. It was conspicuous that specimens caught, e.g., from the yellowish savanna tree
Combretum zeyheri (Figs. 15 and 17) with often many spots
and brown patches caused by a fungus disease were also yellow with numerous brown to dark patches on pronotum and
tegmina while specimens caught, e.g., from the uniformly
green tree Combretum mossabicense were more green with
only few scattered brown spots on the body and pronotum
(Fig. 16).
Song
The acoustical communication of the Plangia species studied
here is typical for many phaneropterine species (see Heller
et al. 2015). The male song has a low duty cycle and the
female (data only for P. multimaculata n. sp.) responds with
a short tick within less than 100 ms after a male song element.
P. satiscaerulea n. sp. showed only one song element,
P. multimaculata n. sp. t wo different ones. The

C. Hemp et al.

P. multimaculata n. sp. females responded only to the single
syllables in the syllable groups, but not to the tri-syllabic
echemes. Taken into account the short response time a female
answered to the tri-syllabic echeme, its answer would fall
completely into the male song and would thus probably be
overheard. Surprisingly, the males produced occasionally isolated impulses with some delay after the echemes, a behavior
similar to that observed in other species and assumed to imitate a female response (see Heller et al. 2015). In
P. multimaculata n. sp., its function is unknown.
Tri-syllabic echemes produced at intervals of several (two
to five) seconds and with syllable repetition rates of about
20 Hz have been also described for P. graminea (here considered as P. multimaculata n. sp.) from Uganda (Ragge 1980)
and South Africa (as P. compressa) (Grant 2014). In both
studies, song descriptions are short and no other song elements are mentioned. So with present knowledge, the East
African P. multimaculata n. sp. and the South African
P. graminea cannot be separated on the basis of the male
calling song. Also, differences found in the structure of the
stridulatory file and number of teeth are minor between
P. multimaculata n. sp. and P. graminea from the Cape Region
of South Africa (Fig. 8a), P. multimaculata n. sp. from Uganda
(Fig. 8b), and P. multimaculata n. sp. from the Kilimanjaro area
(Fig. 8c). The male from Uganda studied by us is part of a series
a song record was made by Win Bailey (Ragge 1980).
P. satiscaerulea n. sp., on the other hand, overlapping
biogeographically (but not occurring syntopically), shows clear
differences to the song of P. multimaculata n. sp. (see Figs. 12
and 13d, e).
Chromosomes
The basic model karyotype of Phaneropterinae, present also in
most tettigoniids, consists of 31 (male) or 32 (female) acrocentric chromosomes, with the X0 (male) and XX (female)
sex determination system (for a review see WarchałowskaŚliwa 1998). Most African genera investigated up to now—
Altihoratosphaga, Horatosphaga, Monticolaria (Hemp et al.
2010b), Lunidia (Hemp et al. 2010a), and Tropidonotacris
(Hemp et al. 2014)—exhibit such a plesiomorphic condition.
The cytotaxonomic analysis of the two species of the African
genus Plangia in this study now shows that the ancestral chromosome number is reduced to 2n=29 (X0), implying a more
derived condition. For both P. multimaculata n. sp. and
P. satiscaerulea n. sp., it is hypothesized that the autosomes
were reduced by one tandem fusion between two pairs of
autosomes. Although both species show a chromosome number of 2n=29, differences in the morphology of the sex chromosomes between both species were observed and different
mechanisms resulting in this different sex chromosome evolution are assumed. In case of P. satiscaerulea n. sp., a
pericentric inversion modified the position of the centromere
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in comparison to the ancestral acrocentric condition of the sex
chromosomes while in P. multimaculata n. sp. a submetacentric inversion of the X chromosome seems to have been the
major mechanism. A similar chromosome number (2n=29)
and type of translocation, i.e., tandem fusion, and a biarmed
X chromosome has also been reported for five African species
of Eurycorypha (Hemp et al. 2013a, b) and are the usual
mechanism of karyotype evolution in Phaneropterinae (e.g.,
Warchałowska-Śliwa 1998; Warchałowska-Śliwa et al. 2011).
We mapped the heterochromatin classes (C−, DAPI, and
CMA3 staining) and applied rDNA (FISH) as well as AgNO3
staining to find chromosomal markers for Plangia. The chromosomes of both analyzed species showed differences in the
amount of C-banding and in the heterochromatin patterns,
caused by a different composition of the bases in the DNA
molecule. In P. satiscaerulea n. sp., thick C-bands occurred in
the paracentromeric region carrying both AT-rich and GC-rich
segments (DAPI+/CMA3+). In P. multimaculata n. sp., we
detected in most chromosomes in the paracentromeric region
DAPI+/CMA3− in thick C-bands and distally located DAPI−/
CMA3+ marked by weak C-bands.
So, the pattern of the distribution of GC-rich blocks
indicates a certain dynamic in the content of heterochromatin areas in the genome and may be taken as a character to distinguish taxa on species level and suggests
specific rearrangement of repetitive DNA families (e.g.,
Grzywacz et al. 2014).
On the other hand, in both species, the single 18S rDNA
loci (within the haploid genome) revealed by FISH was distally located on the largest pair and coincided with an active
NOR as well as a weak C-band and a CMA3 signal. Cytogenetic analysis of the African species of the genera Lunidia
(Hemp et al. 2010a) and Eurycorypha (Hemp et al. 2013a,
b) also revealed one rDNA-FISH signal/active NOR located
in the distal region of the large autosome or interstitial region
on the short autosome, respectively. The presence of rDNA
loci only on a single bivalent, preferentially located in the
paracentromeric region distally, was previously observed in
other Phaneropterinae with different chromosome numbers
in the European genera Odontura (Warchałowska-Śliwa
et al. 2011), Leptophyes, Metaplastes (Warchałowska-Śliwa
et al. 2013), or some species of Isophya and Poecilimon
(Grzywacz et al. 2014). The present study demonstrates clearly that the telomeric regions of the chromosomes in Plangia
are composed of the (TTAGG)n telomeric repeats similar to
the African Lunidia viridis (Hemp et al. 2010a) and other
tettigoniids (e.g., Warchałowska-Śliwa et al. 2011, 2013;
Grzywacz et al. 2011). In conclusion, our results on mechanisms changing the morphology of the X chromosome
resulting in differences of the heterochromatin composition
and distribution on the chromosomes are probably good
markers to illuminate genomic evolution in Plangia species.
The cytogenetic study including rDNA/NOR distribution
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presented in this paper constitutes the next step towards a
better understanding of chromosomal organization and the
evolution of African Phaneropterinae genera and species.

Conclusions
As shown in this study, an integrative taxonomy approach
combining morphological, ecological, and data on the bioacoustics and chromosomes is a powerful tool to delimit species which seems not feasible with a morphological approach
alone.
The two east African species Plangia species P. multimaculata
n. sp. and P. satiscaerulea n. sp. showed a clear separation in their
ecological niche. Between these two newly described species,
also bioacoustically, morphologically, and cytotaxonomically
clear differences were found. Delimitation of P. multimaculata
n. sp. and P. graminea is more difficult since no data on the
ecology, habitat, bioacoustics, or chromosomes are available
for the latter taxon.
So our study must be regarded as a first step to illuminate
the Plangia graminea complex and the genus Plangia. Further studies on the ecology (habitat, bioacoustics) and applying molecular methods will shed more light on this complex of
very similar species and will thus provide a better understanding of speciation mechanisms of fully alate African
phaneropterines.
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